peroxide-anti-peroxidase (PAP) method, although both techniques were similar with regard to background, sensitivity, and range of quantitation. The amount of GH released from single porcine somatotropes was highly heterogeneous, although the cells were treated under the same conditions. Moreover, this fact was consistent with the stimulation of the average release of GH by GH-releasing factor (GHRF) but not by GHRF + somatostatin (SRW). Our results confirm the availability of the recently developed cell-blot assay and support the concept of functional heterogeneity in anterior pituitary cell populations. ( J Hisrochem Cyrochem 40:1715-1724, 1992) KEY WORDS: Cell blot assay; Immunoperoxidase procedures; Image analysis; Quantitative cytochemistry; GH cells; Cell heterogeneity. 1715 40. Torronteras R, Castafio JP, Ruiz-Navarro A, Gracia-Navarro F Application of a percoll density gradient to separate and enrich porcine pituitary cell types. J Neuroendocrinol, in press 41. Vacca LL, Rosario SL, Zimmerman EA, Tomashefsky P, Ng P-Y, Hsu K G Application of immunoperoxidase techniques to localize horseradish peroxidase tracer in the central nervous system. J Histochem Cytochem 23:208, 1975 42. Vale W, Vaughan J. Yamamoto G. Spiess J. Rivier J: Effect of synthetic human pancreatic (tumor) GH releasing factor and somatostatin, triiodothyrosine and dexamethasone on GH secretion "in vitro." Endocrinology 112:1553, 1983 -.
The objective of the present study was to quantlfy the absolute hormone release from individual porcine pituitary cells incubated on polyvinylidene difluoride (PVDF) transfer membranes (cell-blot assay). After immunoperoxidase staining, growth hormone (GH) release from isolated somatotrope cells appeared like a colored zone of secretion surrounding the cell. Optical densities of these secretion zones were quantitated by computerized image analysis and translated into picograms by means of an appropriate standard curve. As a prior step, the staining method and the optimal immunocytochemical conditions were selected by applying putified porcine growth hormone (pGH) to the transfer membranes. The avidin-biotin-peroxidase nickel-intensified (ABC-Ni) method produced a better resolution than the troduction Immunocytochemistry has been widely used in a qualitative way to establish the presence of hormones within isolated pituitary cells. Moreover, the development of immunoassays [RIA, radioimmunoassay (43); EIA, enzyme immunoassay (9)] has made a fast and effective evaluation of the amount of these hormones in fluids possible. Thus, in vitro hormone release can be measured from culture media. These quantitative assays have yielded important information with regard to the hormone release from cultured pituitary cells in response to stimulating and inhibiting factors, although the values thus obtained represent only an average measurement of the secretion from a cell population otherwise considered to be homogeneous. With these techniques, it is not possible to determine whether each individual cell produces the same magnitude of secretory response. The recently developed cell blot assay (19, 20) has provided a means for individual quantitation of hormone release from isolated pituitary cells cultured on polyvinylidene difluoride (PVDF) transfer membranes, PVDF being a solid polymer of high protein binding capacity. Released hormone is strongly attached to the membrane, forming a halo of secretion that is visible after immunocytochemical processing of the polymer. At this point, an image analyzer determines optical densities of the secretion zones from individual cells. Moreover, the system allows the generation of standard curves by immunostaining membranes with known amounts of a similar purified hormone. Thus, an absolute measurement of hormone release at the single-cell level is possible.
In this study we quantitated the absolute release of growth hormone (GH) from isolated porcine pituitary cells cultured on Immobilon membranes. Many authors (1, 24, 27, 28) have stressed the importance of optimizing immunostaining methods in quantitative studies. We have systematically investigated most of the parameters of the avidin-biotin-peroxidase complex nickel-intensified 18) ] and peroxidase-anti-peroxidase complex [PAP (37) ] techniques to improve their sensitivities and standardize procedures. Finally, we have compared them and chosen the best for a immunodensitometric quantitation.
Materials and Methods

Establishment of Optimal Immunostaining Conditions
Jmmunostaining Techniques. One-pl droplets containing 25 nglpl purified porcine growth hormone (pGH) (UCB Bioproducts; Braine Ulleud, Belgium) in deionized water were applied to pieces of Immobilon (Millipore; Bedford, MA), a polyvinylidene difluoride (PVDF) transfer membrane, for protein blotting. After drying, membranes were sequentially incubated with shaking according to one of the following staining procedures, with three 5-min rinses with cold %-buffered saline (TBS: 50 mM Tris, 0.15 M NaCI, pH 7.6) between each step. All immunological reagents were diluted in TBS with 0.5% bovine serum albumin (BSA) (Sigma; St Louis, MO) to reduce nonspecific binding.
The ABC Complex NicRel-intens$ed (ABC-Ni) Technique. The following procedure was used: (a) TBS + 1% non-fat dry milk for 90 min at room temperature (to block free pores of the transfer membranes); (b) rabbit antiserum to ovine growth hormone (anti-oGH) (UCB Bioproducts); (c) biotinylated goat antiserum to rabbit immunoglobulin G (B-anti-IgG) (Sigma) for 1 hr at 37"; (d) avidin-biotin-peroxidase (ABC) complex for 1 hr at 37°C. prepared 20 min before use by addition from a Vectastain Kit (Vector Laboratories; Burlingame, CA) of 3 pl of each component (A, avidin DH; B, biotinylated horseradish peroxidase) to 1 ml of TBS + 0.5%
BSA; (e) blue-black diaminobenzidine nickel-intensified (16) peroxidase substrate solution for 8 min at 37'C. containing diaminobenzidine tetrahydrochloride (DAB) (Sigma) and 0.038 M ammonium nickel sulfate (Fluka; Buchs, Switzerland) in 50 mM acetate buffer at pH 6.0; the solution was filtered and H202 added immediately before use; and (f) three 5-min washes in distilled water. The PAP Complex Technique. Steps a, b, and f were as above: (c) goat antiserum to rabbit immunoglobulin G (anti-IgG) (Sigma) for 1 hat 37°C; (d) horseradish peroxidase-rabbit antiserum to horseradish peroxidase (PAP) complex (Dakopatts; Glosmp, Denmark) for 1 hr at 37'C; (e) amber-brown DAB peroxidase substrate solution for 7 min at 37'C, made by dissolving DAB in TBS, filtering, and adding H202 before use.
Control procedures were carried out to verify the specificity of both staining methods. These included the immunostaining of membranes in which no antigen had been immobilized and the use of the primary antiserum preadsorbed with its corresponding homologous hormone. In addition, crossreactivity of the primary antiserum to prolactin (PRL) was checked by incubating, in the presence of anti-oGH, Immobilon membranes in which 1 4 droplets containing 25 nglpl purified porcine PRL (NIDDK Bethesda, MD) had been applied. No reaction was observed in any of the abovementioned immunocytochemical controls, showing the lack of nonspecific staining due to reactions other than immunological binding of primary antibodies and the inability of anti-oGH to recognize the related antigen PRL.
Optimized Immunostaining Parameters. Several sets of Immobilon membranes with a constant amount of antigen were immunostained for PGH under a variety of &on conditions to assess the &cts on the staining intensity of independently varying the most important variables in the reaction: (a) the concentrations of DAB and H202 (both in ABC-Ni and PAP technique); (b) the anti-oGH dilution (both in ABC-Ni and PAP technique); (c) the time and temperature of anti-oGH incubation; (d) the B-anti-IgG (ABC-Ni technique) and anti-IgG (PAP technique) dilutions; and (e) the peroxidase-anti-peroxidase dilution (PAP technique). Establishment of optimal reaction conditions for these variables was performed by manipulating one of them and holding the remaining ones constant (1) .
A second group of factors, with a minor influence on the final results, were not exhaustively analyzed, although their conditions were standardized to reduce as much as possible the "day-to-day" variations of the staining intensity. Therefore, times and temperatures of incubation were fixed and the remaining routine steps precisely performed.
Densitometry. After incubation in the peroxidase substrate solution, a colored spot was visible in the area of the membrane where antigens had been immobilized. Once membranes were completely desiccated, they were placed between a slide and a coverslip and were sealed with adhesive tape. Thus, membranes could be conveniently handled under the microscope. The membranes were analyzed on a Universal microscope (Zeiss; Oberkochen, Germany) equipped with a stabilized light source and connected by a CCTV camera (Hitachi; Tokyo, Japan) to an Automatic Image Analyzer IBAS (Kontron; Eching, Germany) (14, 34) . Before measuring each set of preparations, the condenser was positioned in the optimal conditions according to the Kohler illumination to ensure that the illumination of the object plane was even and homogeneous (34) .
Evaluation of the staining intensity of the spots was made in terms of average optical density (AOD), expressed in arbitrary units. Ten microscopic fields in two immunostained spots per condition were randomly selected. Once an optic image was accepted, it was translated into an electronic image and analyzed as an array (512 x 512 pixels) of 256 gray levels (from 0 = black to 255 = white). Then, both area (in pm2) and AOD from pixels and gray levels. respectively, of the selected image were evaluated. Before analysis of each spot, zero background was performed using a nonstained area of the membrane close to the spot. Thus, the upper gray value (GVH) of the selected area equivalent to a 100% light transmission (AOD = O), was set (24). Subsequently, when an immunostained area was selected, the image analyzer calculated its AOD considering only gray levels from 0 to GVH, rejecting those from GVH to 255. Thus, the GVH parameter could be used as an indicator of the nonspecific stain of a membrane under the conditions in which it had been processed: the higher the background of a non-immunostained area was, the lower its GVH value became.
To avoid small variations on the AOD due to factors such as illumination or focusing, each experimental set of membranes was measured during the same session.
Comparison of ABC-Ni and PAP Immunostaining Methods
Sets of Immobilon membranes containing serial concentrations (0.78-100 ngl p1) of purified pGH were simultaneously immunostained, by means of each immunoperoxidase procedure, at the optimal conditions previously established. After densitometric analysis of the spot intensities (AOD), the most advantageous technique for an immunodensitometric quantitation was chosen according to the following criteria: (a) background or nonspecific reaction, evaluated through the GVH parameter; (b) sensitivity, defined as the lowest detectable amount or concentration of antigen that could be distinguished from the background (3, 31) ; (c) range of quantitation, as regards the span of antigenic concentrations in which each staining method could be used for a quantitative study; in this range, concentrations of antigen and their corresponding staining intensities were directly related; and (d) immunodensitometric resolution, corresponding to the change in AOD per unit amount of immobilized antigen.
Cell Culture
Animals and Preparation of Pars Distalis Cells. Female 5-6-month old prepubertal Large White pigs (70 kg bw) were sacrificed by electrical stunning and the pituitaries immediately removed. They were then placed into sterile cold (4'C) medium and the lobes separated. Distal lobes were enzymatically dissociated into single cell suspensions following several methods (7.8,17) , modified in our laboratory (40) for their application to the porcine pituitary. A 98% cell viability was estimated by the trypan blue exclusion test (38) cubated again for 7.5 hr under pre-incubation conditions. After culture, medium was carefully aspirated and membranes directly treated with 3% H202 in phosphate buffered saline (PBS 10 mM NaH2-P04.2H20, 0.15 M NaCI) at pH 7.4 for 30 min, to block endogenous peroxidase activity (10). Finally, they were rinsed three times in PBS and stored at 4'C in this buffer until immunostaining was performed. The staining of cell blots was carried out following the described procedure for the immunoperoxidase method selected through the criteria explained above. All membranes for each experiment were immunostained at the same time.
After immunostaining, somatotrope cells and their surrounding secretion zones were visible. Both area (in pm2) and AOD (in arbitrary units) of the secretion zones were measured by randomly selecting microscopic fields with pictures ofsecretion (n = 70-75 haloes/treaunent group). Zero background was performed by setting the GVH value (AOD = 0) of a selected non-stained area of the membrane close to each secretion zone. Standard Curves and Estimation of the Amount of Hormone Released from a Single Cell. Several concentrations of purified porcine growth hormone (pGH) belonging to the range of quantitation of the immunoperoxidase method selected were applied to the Immobilon membranes. Immunostaining of standard and cell-blot membranes was performed simultaneously and under the same conditions.
Measurements of standard intensities were carried out as has been described for cell blots and an AODlpGH curve obtained. However, since the aim of this study was to measure the amount of hormone immobilized on a solid phase and not the concentration of solubilized hormone, it was necessary to define a new variable that expressed the amount of immobilized hormone per unit area. We have termed it Immobilization Density (ID, pglpm2). Therefore, the total area (in pm2) of standard immunostained spots was also measured, using the IBAS. The average area corresponding to five measurements of each one of the spots that contained a similar amount of pGH was used to calculate the ID parameter. Next, an AOD/ID plot was obtained and then the best fitted standard curve was generated (STATGRAPHICS 2.1 software package, STSC, 1985, 1986) (Rockville, MD). The standard curve allowed translation of AOD values from cellular secretion zones into cellular ID values. Finally, the absolute amount (in pg) of pGH released from a single somatotrope cell was estimated by multiplying a cellular ID value by its correspondent releasing area.
Statistical Analysis. One-way analysis of variance was used to analyze differences in average GH release in control and treated pituitary cells. Likewise, cells were distributed into three types depending on the amount of released hormone: less than 2.2 pg, 2.2-3.9 pg, and more than 4.0 pg. These types were defined according to the frequency histogram of the pre-incubated group. The hypothesis 2-test for proportions (MICROSTAT software package, Ecosoft, 1984) (St Joseph; MI) was used to analyze differences related to the composition in these types among the experimental groups. 
Results
Effects of DAB and H202 Concentrations on the Staining Intensity
All the immunocytochemical parameters were kept constant and the DAB concentration varied over a range of 0.04-5.12 mM (ABC-Ni method) or 0.04-2.56 mM (PAP method). For each technique, two parallel experiments were carried out: (a) the immunostaining of one group of membranes with a standard dilution of Hz02 (0.034% for the ABC-Ni and 0.003% for the PAP method), used in classical immunocytochemical studies, and (b) in a second group of membranes the H2Oz dilution was also varied to obtain a constant ratio of the DAB/H202 concentration, as used in classical immunohistochemistry (i.e., 0.55 mM DAB/0.034% H202 for ABC-Ni and 0.55 mM DAB/0.003% HzO2 for the PAP method).
The result of this study for the ABC-Ni technique is shown in Figure 1 . When the H202 dilution was held constant, DAB saturation occurred at approximately 1.28 mM. However, in membranes in which HzO2 concentrations varied, the staining intensity markedly decreased from a 0.078% HzOz concentration. The highest values of AOD were found within a range of 0.64-1.28 mM DAB and 0.039-0.078% Hz02. Finally, a 1.28 mM DAB concentration and a 0.039% H202 dilution were selected and used to determine the effects of the remaining variables on the staining intensity.
The corresponding PAP curves are shown in Figure 2 . Here there were no apparent ddferences between the two experimental de-signs. A 1.28 mM DAB concentration and a 0.003% H2O2 dilution, which rendered maximal AOD values, were selected.
Effects of Primary Antiserum Dilution on the Staining Intensity
Staining intensity was examined by varying the anti-oGH dilution (1:32,000-1:250) and using optimal concentrations of DAB and HzOz. In both the ABC-Ni (Figure 3a ) and the PAP (Figure 3b ) methods, the AOD values increased with primary antiserum concentration, reaching a plateau at 1:500.
Effects of Anti-oGH Incubation Time and Temperature on the Staining Intensity
To determine if the saturating dilution of anti-oGH was dependent on incubation conditions, four groups of membranes were incubated with anti-oGH for 4, 8, or 16 hr at 37°C or for 20 hr at 4°C. The saturating dilution (1:500) did not appear to be modified ( Figure 4 ). However, at elevated concentrations (1:lOOO-1:250) of primary antiserum, the highest AOD values were obtained in membranes incubated for 20 hr at 4°C. These conditions and a 1:500 anti-oGH dilution were finally selected. 
Effects of Secondary Antiserum Dilution on the Staining Intensity
Effects of Peroxidase-Anti-perom'dase Complex Dilution on the Staining Intensity
Finally, the influence of the PAP complex dilution (ranging from 1:6400 to 1:>0) on the staining intensity was also checked ( Figure  6 ). Average optical density increased with the PAP complex concentration up to 1:100, the selected value. However, a double concentration (1:50) produced a 35% decrease in the staining intensity. 1:loO. Although secondary antisera are different in the ABC-Ni (B-anti-IgG, biotinylated antibodies) and PAP (anti-IgG, nonlabeled antibodies) methods, the saturation point was reached at approximately 1:200 in both techniques. This dilution was considered optimal. Nevertheless, a few differences were found. There were no positive results in membranes that had been processed by the PAP method at secondary antiserum dilutions higher than 1:1600; in addition, the staining intensity increased markedly (>2000%) between the 1:800 and the 1:400 dilution. In the case of ABC-Ni, specific staining was produced over all the range of concentrations tested, and the ratio AODIB-anti-IgG concentration increased gradually up to saturation. 
Selection of the Optimal Immunoperoxidase Method for Quantitative Application
To compare the performance of the ABC-Ni and PAP methods, we carried out immunostaining at optimal conditions of membranes with serial concentrations of immobilized pGH (Figure 7) . The analysis of background in terms of GVH values showed that, as in optimization assays (data not shown), nonspecific staining was similar and almost undetectable in both techniques; moreover, the background did not appear to increase with the concentration of pGH. The sensitivity obtained with the PAP method was 6.25 nglpl; with the ABC-Ni technique, positive results were obtained with a fourfold lower concentration (1.56 ngl PI), although its correspondent AOD value cannot be distinguished from the 3.13 nglpl dilution. Both methods showed increased staining intensity with pGH concentration within the same range of 6.25-50 nglpl$ and the AOD values corresponding to the maximal concentration used (100 nglpl) did not overcome the 50 nglpl one. Finally, for the same concentration of immobilized pGH, AOD values were higher in membranes stained with the ABC-Ni procedure.
Quantzycation of GH Release f r o m Single Porcine Cells
After immunostaining, GH-producing cells and their secretory zones could be detected by LM (Figure sa) , and staining intensities (AOD) of these zones were image analyzed (Figures 8b and  8c ). To generate a standard curve for translation of AOD data into ID (pglptn2) values, several doses of purified pGH belonging to the ABC-Ni range of quantitation (6.25-50 nglpl) were immunostained. The relationship between AOD and density of immobilized pGH is shown in Figure 9 . The best-fit standard curve was defined by the multiplicative model Y(A0D) = 855.53.X(ID)3.17.
Thus, after natural logarithmic transformation of both AOD and ID parameter (Figure 9 , inset), a high degree of correlation (r = 0.99;p< 0.01) was obtained. Lower significant levels were provided by other mathematical models considered, such as the exponential (Y = 0.96; p<O.OS) or the linear (Y = 0.95; p<0.05) model. The amount of GH released from each single cell was obtained by multiplying its ID value. estimated through the above multiplicative standard curve, by the correspondent area of secretion. GH release (F t SEM) in experimental groups is shown in Figure 10 . No significant differences were found between pre-incubated (3.9 t 0.4 pg GHlcell), MEM-incubated (4.5 t 0.6 pg GHlcell), SRIF-(4.7 f 0.5 pg GHlcell), and GHRF + SRIF-treated cells (4.5 t 0.7 pg GHlcell). However, GH release was significantly increased in GHRF-treated cells (6.9 t 0.7 pg GHlcell). A remarkable heterogeneous secretory response was found even with cells belonging to the same experimental treatment. Therefore, although a large number of cells per group (n 270) were measured, SEM values were always greater than a 10% mean value. Cell heterogeneity was also observed in the shape and size of the releasing area. Cells were distributed into three classes according to the amount of released GH (Figure 11) . The distribution was not significantly modified in MEMincubated, SRIF-, and GHRF + SRIF-treated cells with respect to the pre-incubation group. Moreover, a noticeable increase of highreleasing somatotrope cells, associated with a decrease of lowreleasing G H cells, was found in the GHRF-treated group. 
Discussion
Optimai Immunostaining Conditions
Most quantitative immunoenzymatic studies have been performed with methods in which great sensitivity is achieved by amplifica- tion of the antigen-primary antibody binding; with a few exceptions, the most commonly used techniques have been the indirect immunoperoxidase (1,27-29,32,34,36) and the peroxidase-antiperoxidase (PAP) methods (1~4,3234). However, nothing has been reported thus far on the quantitative applications of the avidin-biotin-peroxidase complex (ABC) technique. Because immunochemical methods are complex and multisequential, many authors (1,24,27,28) have emphasized optimization of the immunostaining rather than its quantitative application. In this study, several parameters of the ABC-Ni and PAP techniques were investigated and optimal conditions selected for (a) enhancing the specific signalto-background ratio and therefore the sensitivity (31) so that those conditions that provided a high intensity and a low background could be chosen, and (b) standardizing the procedures to reduce as much as possible the day-to-day variations in immunostaining intensity. Recent studies (28,29) have shown the utility of the antigen immobilized on the nitrocellulose model system to establish the optimal conditions for several immunoenzymatic methods. In this, the main drawback with transmission densitometry is the high light-scattering of the nitrocellulose when dry or in aqueous solutions (23). We have used another synthetic membrane, Immobi-Ion, which has a protein binding capacity similar to that of nitrocellulose. Moreover, Immobilon shows a high mechanical strength and light scattering phenomena have not been described.
In general, little attention has been paid to diaminobenzidine (DAB) and especially to hydrogen peroxide concentrations (39). In our study, an excess of H202 caused a marked decrease in the staining intensity in the ABC-Ni method, despite the use of a high DAB concentration. This was not observed in the PAP technique, in which, given the lower number of peroxidase molecules at the enzymatic complexes (18,30) , the required concentrations of H202 were not as high as in the ABC-Ni technique. Tijssen (39) has reported that H202 is not only a substrate but also an inhibitor for peroxidase in solution or immobilized on a solid phase. Furthermore, in a recent review (30) the theoretical possibility of an inactivation of the peroxidase activity in the ABC complexes by added H202 has been suggested. Our results may constitute the first practical evidence of enzymatic inhibition due to a substrate using the ABC technique and support the establishment of the optimal concentration of the substrate, especially when immunoenzymatic methods are quantitatively used. Both selected concentrations of DAB (1.28 mM) and H202 (ABC-Ni technique, 0.039%; PAP technique, 0.003%) are elevated in comparison with the usual procedures described in the literature and potentially may cause false-positive staining. The exposure of the highly concentrated DAB solution to the atmosphere may result in the generation of auto-oxidized DAB polymers, but formation of these complexes can be minimized by using a freshly prepared DAB solution filtered immediately before use (lo), as we have confirmed by the corresponding control. In addition, ifa great amount of DAB reaction product is formed, it may diffuse and stick nonspecifically to nearby areas (5, 6, 10) ; we have also checked the lack of DAB diffusion after measuring spot areas corresponding to antigens immunostained at different concentrations of DAB, in which no significant differences have been found. In conclusion, although optimization of the DAB step resulted in the utilization of a high concentration, no false-positive staining occurred under the conditions used.
Optimal conditions of primary antisera differ notably in the literature, depending on the antigen studied, the polyclonal or monoclonal nature of the antiserum, and on the particular experimental design (1, 24, 27, 28) . Furthermore, Nibbering et al. (27, 28) have shown different results of the staining intensity between several monoclonal antisera developed against the same antigen. This observation suggests that the antibody-antigen specificity is another fact to take into account when an immunostaining method is optimized. In our case, a polyclonal antiserum developed against ovine GH was used to detect porcine GH. However, this does not seem to be a major objection for veracity both of immunodetection and quantitation, since a close structural similarity exists between ovine and porcine growth hormone molecules (12, 35) .
The comparison of secondary antiserum-dependent staining intensity between the ABC-Ni and the PAP techniques made clear the different role played by the secondary antibodies in both methods. In the PAP technique, in which a monovalent binding of the secondary antibody to the primary one is required (13), we have found false-negative results when a low concentration (<1:800) of the secondary antiserum was used; probably, most of the secondary antibodies would be bivalently linked to primary antibodies, preventing the PAP complexes from binding. As concentration increased, the monovalent binding was favored and staining intensity rose markedly. In the ABC technique, biotin molecules at the constant region of the secondary antibodies link the ABC complexes, and monovalent binding of the secondary antibody to the primary one is not required. Thus, positive results can be obtained at low concentrations of the secondary antiserum and staining intensity gradually increases with the B-anti-IgG concentration.
In our study, AOD rose with the PAP Concentration up to 1:lOO dilution, but decreased markedly at 150. PAP complexes form stable cyclic ring suuctures containing two molecules of anti-peroxidase and three molecules of peroxidase (6) . The increasing intensity of stain with PAP concentration is obviously due to an increment in the number of PAP complexes, and therefore of enzyme molecules, per antigen-primary antibody binding site. However, as our falsenegative results suggest, a high presence of PAP complexes might also make the enzymatic reaction more difficult (e.g., by decreasing the probability of meeting of enzyme-substrate).
Sensitivity (6.30 ) and nonspecific staining (5) are two classic criteria used to compare the PAP and ABC method. In addition to these, we have evaluated two other aspects, the range of quantitation and the power of resolution, closely related to the quantitative applications of immunostaining.
Several studies (37, 41) have shown that the sensitivity of the PAP complex method is 100-to 1000-fold higher than that of immunofluorescent procedures and 20-to 200-fold higher than that of other immunoperoxidase techniques. Again, the ABC method is considered to be eight to 40-fold more sensitive than PAP (13). Despite the fact that both techniques are two of the most sensitive methods available today at the LM level, the above-mentioned factors should not be taken literally, since comparisons have not been carried out under optimal conditions. We have found that the ABC-Ni procedure is only fourfold more sensitive than PAP. This suggests that the optimization may improve the sensitivity of an immunocytochemical method. This matter should be borne in mind not only in quantitative studies but also when localization of small amounts of antigen is required. On the other hand, studies performed on tissue sections have shown that the ABC method exhibited lower nonspecific staining than the PAP method (4) . Our quantitative data demonstrate a virtually negligible background staining on Immobilon membranes; moreover, nonspecific staining does not increase with the concentration of antigen. These results suggest that the high sensitivity achieved is due not only to the immunostaining methods themselves but also to the high specific signal-to-background ratio (31) provided by the Immobilon model system. Unlike sensitivity and background, which are similar in both techniques, the power of resolution was considerably higher in ABC-Ni, giving this technique a greater capacity to distinguish similar amounts of antigen. This fact led us to use the ABC-Ni method for cell blotting.
Cell-blot Assay
In cell-blot assay, hormone released from isolated cells that maintain integrity is captured on the Immobilon membrane, forming haloes of secretion surrounding the cells (19, 20) . After immunostaining, optical densities of these secretion zones can be translated into amounts of hormone by an appropriate standard curve. In our study, standard patterns were generated by choosing aliquots within the ABC-Ni range of quantitation, because an increased amount of antigen does not necessarily mean an increased amount of reaction product (24). The translation of AOD values from secretion zones into amounts of released GH (ID values) was achieved through the mathematical model that provided the highest degree of correlation (in our case, the multiplicative model).
Because of the apparent differences in the in vivo GH response between species (22, 25, 33) , pituitary cell cultures are useful systems to study the regulation of hormone release in a particular animal (11). In rats, they have been widely used to investigate the effects of a variety of agents, including SRIF (42) and GHRF (15,42), on GH release. As in rodents, both factors regulate the GH release from cultured porcine pituitary cells (11).
Enzymatic and immunoenzymatic (i.e., RIA, EIA) assays have been shown to be able to quantify the presence of substances in tissue homogenates and culture media. However, these methods cannot determine the hormone release from a single cell and, consequently, possible intercellular variations in terms of secretory response go unnoticed. The main advantage of the cell-blot assay lies in the possibility to determine the particular release from each cell and the intercellular variations in response to outside factors. We have observed important differences in the staining intensity of the secretory zone of porcine somatotropes, even in cells treated with the same secretagogues. Despite this phenomenon, the average release of porcine GH reflected, depending on the group, either stimulation by GHRF or inhibition by SRIF, in agreement with those reported in another study (11) in which porcine GH released to culture media was quantified by RIA. Moreover, the distribution into classes of secretory GH cells suggests that the increasing GH release from GHRF-treated cells is due to an increment in the proportion of high-releasing cells. This distribution was not significantly modified in MEM-, SRIF, or GHRF + SRIFincubated cells with respect to the pre-incubation group. Similar heterogeneous secretory responses have been reported in pituitary prolactin cells cultured on Immobilon membranes (19,20), in pituitary intermediate lobe cells (2) , and in rat GH cells using a reverse hemolytic plaque assay. Our results are in contradiction to those reported by Neil1 et al. (26) , who have shown in rats an inhibitory effect of SRIF on a subpopulation of GH-secreting cells by means of a reverse hemolytic plaque assay, probably because we are using different species. The present results demonstrate that porcine GH cells constitute a heterogeneous population whose response to GHRF is not quantitatively universal, and that the increasing values of GH earlier reported are due to an increment in the number of highreleasing cells rather than to an increase in the ratio of hormone release from each single cell.
Until now, little has been known about heterogeneity in the secretory response of the pituitary cell. As has been recently suggested, it could reflect a division of labor in the population (2), depending on the individual stage of each cell (e.g., number and efficiency of receptors, hormonal store, expression of genes) in the course of a lifetime secretory cycle. In our laboratory, several fractions of porcine GH cells have been obtained on a Percoll density gradient (40), supporting the existence in mammals of several subtypes of somatotrope cells (21). Further studies using cell-blot assay with these GH cell fractions will represent useful approaches to improve our knowledge of the heterogeneity of the secretory response in the GH cell and to characterize physiologically different cell subtypes.
As essential requirements to achieve an optimal evaluation of hormone release at the single-cell level by cell blotting, we emphasize: (a) the selection of an immunostaining method in which sensitivity has been sufficiently checked in routine immunodetection experiments; (b) the optimization of the primary factors that determine the immunostaining intensity, since this may improve the sensitivity of the method and avoid undesirable reactions (i.e., falsepositive and false-negative results); and (c) the use of adequate standard patterns available to perform a real translation of staining intensities from secretory zones into absolute amounts of released hormone.
